To isolate arsenic resistant Bacillus spp. and to determine plant growth promoting activities.
INTRODUCTION
Arsenic (As) is a poisonous heavy metalloid present in the soil as well as in the water as arsine (III), elemental arsenic (0), arsenite (III) and arsenate (V).
It has been reported that, arsenite and arsenate forms are poisonous to environment as well as human health (Dey et al. 2016) . The activity that leads to As pollution are mining, smelting, ore processing, and utilization of arsenic-based pesticides or herbicides, and arsenic contaminated water when irrigated posed heavy contamination of soil, especially in cultivated land ecosystem (Shagol et al. 2014) . Arsenic consumption beyond a threshold level i.e. 0.05 ppm pose a serious health risk to humans (Dey et al. 2016) . Exposure
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Published Online: December, 2019 DOI: https://doi.org/10. 3126/tujm.v6i0.26572 of arsenic to body parts cause cancer. nervous and cardiovascular problems (Ghosh et al. 2011) , weight loss, loss of appetite, weakness, lethargy and easily fatigued limits the physical activities and working capacities, chronic respiratory disorder, gastrointestinal disorders like anorexia, nausea, pain in abdomen, enlarged liver and spleen as well as anemia (Dey et al. 2016) .
In Nepal, safe drinking water supply is one of the major issues. Groundwater is the foremost source of drinking water in Terai region of Nepal which is usually contaminated with arsenic (Shakya, et al. 2012 
MATERIALS AND METHODS

Sample collection, isolation and screening of arsenic resistant bacterial species
Twenty soil samples were collected from Terai region of Nepal. About 20 g of soil samples was collected in a polythene bag and processed for isolation. For the selective growth of spore forming Bacillus species, 10 g of soil sample was mixed with 100 mL of 0.85% saline solution and placed in 80ºC water bath for 10 minutes (Travers et al. 1987) . It was serially diluted and spread on to nutrient agar plates. All the plates were incubated at 37ºC for 48 h. Bacterial colonies were sub-cultured onto Nutrient Agar plates supplemented with different concentration of sodium arsenite (up to 800 ppm) and
incubated. The media plates, after incubation, were observed for growth of bacteria colonies. The colonies that showed growth were sub-cultured on nutrient media and incubated. After incubation, these colonies were subjected to further tests and studies (Selvi et al. 2014 
Effect of arsenic on bacterial growth
Growth of arsenic resistant bacterial strains was determined in NB medium. From an overnight pure culture, 1% inoculum was added to 50 ml of NB medium supplemented with 200 ppm, 400 ppm, 600 TUJM VOL. 6, NO. 1, 2019 ppm, 800ppm, 1000 ppm sodium arsenite. The cultures were incubated at 37 °C in an orbital shaker at 120 rpm for 72 h. The growth of the isolate was monitored by measuring optical density at OD 600 nm using spectrophotometric method.
Effect of NaCl and pH in the growth of arsenic resistant isolates
The freshly prepared culture was inoculated into the 5 mL of sterile NB and incubated at 37ºC for 24 h. The optical density of the culture broth was measured at 600 nm using spectrophotometric method. The pH of the broth was maintained by using 1N NaOH and 1N
HCl. The NaCl concentration in the broth ranged from 1-8%.
Determination of plant growth promoting (PGP)
activities 
RESULTS
In total, 54 colonies were randomly selected and subcultured on NA media. Among this, 42 isolates were Gram positive rods and 12 isolates were Gram negative.
Twelve isolates were excluded for further studies.
Forty-two isolates showed moist, fl at, irregular, and slightly convex colonies on Nutrient agar and were endospore forming rods (Table 1) . Among these, 6
isolates had terminal spores, 14 had sub-terminal, and central spore was seen in 22 isolates. Bacillus spp. were isolated from soil having pH ranging from 5.2-6.3. In total, only three isolates were able to resist 100 ppm and 1500 ppm of sodium arsenite and sodium arsenate respectively. These isolates were subjected to biochemical tests (Table 2) . Two isolates M 1 2a and IN 1 2a were able to oxidize arsenite to arsenate whereas isolate BG 3 4a was not able to do so (Figure 1 ). So, BG34a was not tested for PGP activities. IN 1 2a (d) . Pikovskaya's agar (Figure 1 ).
Figure 1: Typical features of Isolates; Gram stain of isolate M 1 2a (a), Detoxifi ction of arsenite to arsenate by isolate M 1 2a (b), Phosphate solubilization activity of isolates M 1 2a (c) and
Isolates IN 1 2a and M 1 2a were able to ferment sugars
As describe in Table 5 , only isolate M12a was able to tolerate the sodium arsenite up to 1500 ppm. 
DISCUSSION
From the results it can be observed that the pH of the soil was slightly acidic which is suitable for the growth of the most of plants (Kumar et al. 2019 ). In addition, some useful microorganisms can tolerate acidic pH and are applicable for crop enhancement (Kumar et al. 2019) . Soil is the largest deposit of heavy metals such as arsenic and their compounds. These compounds may be harmful to other components of soil such as animals and plants. However, a solution to this problem can also be found in soil in the form of microorganisms that can utilize and degrade these harmful metals. Mostly the soil inhabitant microbes such as Bacillus species have been reported by many researchers (Schallmey et al. 2004; Radhakrishnan et al. 2017) . In this study, Gram positive, endospore forming rod-shaped bacteria was isolated and tentatively identifi ed as genus Bacillus. Travers et al. (1987) have reported the isolation of Bacillus species from various soil samples.
Isolation of arsenic resistance Bacillus species have been reported previously (Satyapal et al. 2016; Shakya et al. 2012; Selvi et al. 2014; Dey et al. 2016) . Arsenic resistance Bacillus aryabhattai was isolated from the Indian soil and water samples (Singh et al. 2016) . In this study, forty-two isolates were found to be Gram positive spore forming rod shaped bacteria. Shakya et al. (2011) also Isolates M 1 2a tolerated up to 1000 ppm of sodium arsenite and 15000 ppm sodium arsenate, which is the highest reported in Nepalese soil. In addition, mild growth was observed even up to 1500 ppm of sodium arsenite. However, further studies are necessary in this regard. The isolates showed growth from acidic to alkaline pH and at high concentration of NaCl, which is a typical characteristics of many Bacillus species (Poudel et al. 2016) . 
